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Sonochemistry of Aryldiazomethanes ( 60 pp.)
Director: Edward E. Waali
This research involved the reaction of phenyldiazomethane and 
p-methy1pheny1diazomethane in benzyl alcohol using ultrasonic 
irrad iation as an energy source. Since ultrasonic irrad iation  can 
generate very high local temperatures and pressures (as high as 
3000°K and 300 atm), ultrasonic conditions are much d ifferent 
than the conditions of ordinary heating or photochemical 
irrad iation . Using these very d ifferent conditions, the 
sonication of diazocompounds might be a new way to approach 
carbene chemistry since no experiments of this type of reaction 
have been previously reported.
The product mixtures of the sonication of phenyldiazomethane 
and p-methylphenyldiazcmiethane in benzyl alcohol were analyzed 
qualitatively  by using nuclear magnetic resonance (NMR) spectro­
scopy and quantitatively by using gas liquid partition  chromato­
graphy (GLPC). The products from the sonication reaction then 
were compared, both qualitatively  and quantitatively, to the 
products from ordinary thermolysis and photolysis of the same 
reactions. The mechanisms of th e ir formation were discussed.
i i
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Chapter I 
Introduction
Sonochemistry concerns the chemical reactions that occur by using 
ultrasound as an energy source. The chemical effects  of high in tensity  
ultrasound arise from acoustic cavitation  of l i q u i d s . T h i s  rapid 
formation, growth, and implosive collapse of gas vacuoles generate 
short-lived (^ns), localized "hot spots" whose peak temperatures and 
pressures have been measured at 3000°K and 300 atmospheres by 
Sutherland and coworkers,^ confirming e a r lie r  calculation by 
Nappiras.^ To understand the formation and results of the acoustic 
cavita tion , the physical properties of sound wave and ultrasound waves 
must be discussed.
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Sound Wave and Ultrasound Wave 
A sound wave is a longitudinal wave, in which the p artic les  of the 
medium move back and forth  p ara lle l to the d irection  of the wave's 
propagation. The human ear can only perceive mechanical vibrations with 
in the lim ited frequency range of 16 to 20,000 cycle per second.^ 
Assuming that a sound wave is transmitted through a gas in i t ia l ly  at 
re s t, the e ffec t of the wave would cause the gas molecules to o s c illa te . 
The gas would move backward and forward in a lternating  regions. There 
would also have to be a lternating regions of compression and 
rarefaction , that is , regions in which the pressure (or density) is 
above and below the equilibrium value.^ The relationships are shown in 
Figure 1.
'■  ■'■-i
d irec lio n  o f propogotton
FIGURE 1.
Propagation of a pressure or density pulse through a 
gas is indicated by arrow. The dots represent molecules.^
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Acoustic vibrations or sound waves propagated in a medium create a 
pressure in addition to the mean pressure in a medium. This pressure is 
called the sound pressure which is measured in bars : 1 bar = 10® dyne 
per cm ;̂ 1 atm =1.033 kg/cm^ = 1.015 x 10® dyne/cm^. The pressure fo r 
the plane progressive wave is related to the vibrational velocity by the 
following expression:
P/v = R X c
Where P is the pressure at any instant, v is the partical ve locity  
amplitude, R is the density of the medium and c is sound velocity in 
th is  medium. The amount of energy carried by sound vibrations in 1 
second through an area of 1 cm̂  perpendicular to the d irection of propa­
gation determines the strength, or inten- s ity  of the sound. The 
in tensity fo r a plane progressive sine wave is expressed in the 
following way:
I = P^/2Rc = 1/2 v^Rc = Pv/2
Sound intensity  is  usually measured in W/cm  ̂ or erg/sec-cm^ (IW/cm^ 
= 10  ̂ erg/sec-cm^)
"Ultrasonic wave" is the term used in acoustics that is comparable 
to "u ltra v io le t radiation" used in optics. U ltra v io le t rays are not 
v is ib le . The frequency of u ltra v io le t radiation is higher than the 
frequency of l ig h t; the frequency of ultrasonic waves lie s  beyond the 
upper lim it  of audible frequencies. The frequencies used in the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
investigation of ultrasonic chemical processes are in the range of 20 to 
1000 kilocycles per second, the average in tensity  of ultrasound used in 
liqu id  media is 10 W/cm .̂ An audible in tensity  of 0.01 W/cm  ̂ produces a 
strong sensation of pain.
I t  was mentioned e a r lie r  that the chemical e ffe c t of high in tens ity  
ultrasound arise from acoustic cavitation  of liqu ids . When high inten­
s ity  ultrasonic waves are propagating in the liqu id  phase, a break in 
the continuity of the liqu id  with the formation of a cavity may occur at 
the negative part of the acoustic cycle (Figure 1 ). When the local 
pressure fa lls  below the ambient pressure, a pre-existing bubble may
begin to grow. When the acoustic pressure turns positive , the bubble
growth slows and f in a lly  reverses. The cavity which is formed is f i l le d  
with the vapor of the surrounding liq u id . Gases are also dissolved in 
the liq u id . The cavity grows to a maximum size and then implodes 
vio len tly  compressing the solvent vapor and a ir  inside with a force that 
produces extremely high temperatures and pressures. In 1979, Sutherland 
and coworkers measured the cavitational temperatures and pressures by 
studying the e ffec t of the pressure on the width and the shape of spetra
during sonication at 460 KHz.^ The atomic emission took place by
de-exitation of exited a lk a li metal atoms produced during the course of 
cavitation.®  The phenomenon of a pressure broadening of spectral lines  
has been explained by using the uncertainty p rin c ip le , as shown;
AE X A t *  n
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Any process that reduced the life tim e  of the radiating species 
broadens the energy d is tribu tion  ( lin e  width) of the emission.
Therefore* as the pressure increases, the life tim e  of the exited state  
decreases due to an increasing number of co llis ions per un it time. Thus 
the width of the resonance lin e  also increases. Consequently, measure­
ment of line  widths can provide an estimate of the pressure f ie ld  that 
the emitting species is experiencing, Verall and Sutherland found that 
the cavitational pressures and temperatures of sodium iodide (Nal) and 
potassium iodide (K I) obtained by measurement of band half-w idths were 
334 atm, 3420^K and 377 atm, 3705°K respectively.®
There are certain  factors which need to be considered in order to 
understand the properties of the acoustic cavity . Those factors are the 
acoustic pressure amplitude, the ambient pressure, the acoustic frequen­
cy and the characteristic  of the liqu id  and dissolved gases.
1. Acoustic Pressure Amplitude
The acoustic cavities w ill not be obtained i f  the pressure 
of the negative parts of the ultrasonic waves are not below the 
threshold pressure of cavity formation.
2. Ambient Pressure
At a very high s ta tic  pressure (4-5 atm), the negative 
parts of the ultrasonic waves are removed and acoustic cavities  
w ill not be generated.
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3. Acoustic Frequency
Cavitation bubbles or acoustic cavities do not appear 
instantaneously at sites of rarefaction (negative part of 
ultrasonic wave). An extremely short time is required in which 
the duration of the low pressure phase diminishes with an 
increase in the ultrasonic frequency. At a very high frequency 
(15 megacycle per second) no cavitation Is observed even when 
the ultrasonic in tensity  reaches several thousand watts per 
cm'̂ .
4. Characteristic of the Liquid Medium
The greater the viscosity of the liq u id * the greater 
(w ithin certain lim its ) the ultrasonic intensity  is required to 
cause the appearance of cavitation bubbles.^ The vapor 
pressure of the liqu id  medium also affects the formation of 
cavity bubbles. When a cavity is f i l le d  with large vapor 
pressure, compression by a sound f ie ld  w ill  f i r s t  create 
recondensation rather than adiabatic heating. In addition the 
high vapor content allows thermal transport during collapse, 
which diminishes the local heating even fu rth er.^  Thus, as the 
vapor pressure of the solvent system increases, the in tensity  
of the cavitation  collapse and the maximum temperature reached 
during such collapse w ill decrease. Suslick confirmed th is  
re la tion  by showing the correlation between the log of the 
f irs t-o rd e r rate constant of the decomposition of Fe(CO)s and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Q
the solvent vapor pressure in sonication reaction. The higher 
the solvent vapor pressure, the lower the rate  of decomposi­
tion.®
There are two general ways in which ultrasonic irra d ia tio n  can be 
used to promote chemical reactions. F irs t, u ltrasonic irra d ia tio n  can 
provide the energy source required to cross activation b arriers . The 
ultrasonic decompossition of Fe(C0)5 is an example of th is . Second, and 
less important to th is  thesis, is the use of ultrasonic irra d ia tio n  to 
promote e ffic ie n t mixing in ordinary biphasic chemical reactions.
The Sonochemistry of Iron Pentacarbonyl 
Thermolysis of Fe(CO)s above lOÔ C gives pyrophoric, f in e ly  divided 
iron powder.® U ltra v io le t irra d ia tio n  of Fe(CO)g yields Fe2 (C0 )g, via  
the intermediacy of Fe(CO)a.^®
>100°C
Fe(CO)s -------------------- > Fe + SCO
-CO Fe(C0)5
Fe(CO)s ------------------------- Fe(C0)4 -------------------Fe2 (C0 )g
Sonolysis of Fe(CO)s yields Fe3(C0 ) i 2 and fin e ly  divided iron
Q 11
p o w d e r . ® * S u s l i c k  and coworkers reported that the mechanism by which 
Fe3(C0 ) i 2 was formed during sonolysis of Fe(CO)s did not involve 
Fe2(C0 )g as an intermediate since sonication of Fe2 (C0 )g did not produce 
Fe3(C0)i2 but rather Fe(CO)g and fin e ly  divided iron at rates fast 
compared to Fe33(C0 ) i 2 produced from Fe(CO)g sonication.®*^^ D irect
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sonication of Fe3 (C0 ) i 2 did not produce decomposition at a detectable 
ra te . The m eta llic  iron produced from sonication of Fe(CO)g may due to 
in i t ia l  loss of a l l  carbonyls or spontaneous loss of carbonyl from 
c lu s te rific a tio n  of Fe(C0)2 and Fe(CO),^^ the products from Equation 1.
Fe(C0)5  ) ) )  > Fe(C0 ) 5-n + nCO (n = 1 to 5) (1)
Fe(C0)3 + Fe(C0)5 -----------  ̂ Fe2 (C0 )a (2)
2Fe(C0)4 ----------------- Fe2(C0)8 (3 )
Fe2 (C0)8 + Fe(CO)s -----------> Fe3 (C0 ) i 2 + CO (4)
The production of Fe3 (C0 ) i 2 probably results from in i t ia l  
sonochemical production of Fe(C0 ) 3 , which may then react according to 
Equation 2 and 4. An alternate mechanism would produce Fe2 (C0)8  by 
dimerization of Fe(C0 )4 , as in Equation 3. Since cavitation produces 
rather localized hot spots, the local concentration of Fe(C0)4 during
sonolysis may be high enough to make th is  a lte rn ative  plausible.
The Formation of Carbenes from Biphasic Sonochemistry
Biphasic sonochemistry is the use of ultrasound fo r the mixing or 
agitating  insoluble reactants. This sometimes results in a better 
reaction than ordinary s tirr in g  or by using phase-transfer catalysts. 
Effective reaction between sodium hydroxide and chloroform, which are 
not m iscible, to  produce dichlorocarbene, normally requires the use of a 
phase-transfer ca ta lys t, the "Makosza Methode".^^
CHCI3 + NaOH ------------- > “ CCI3 Na  ̂ + H2O (5)
"CCl3 Nâ̂  -------------------:CCl2 + Nâ  + Cl" ( 6)
8
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:CCl2 + PhCH=CH2------------- > Ph-CH-CH2 . (7)
1
By using ultrasonic irra d ia tio n  the mixing of immiscible CHCI3 and 
NaOH is more e f f i c i e n t . T h e  % y ie ld  of 1 ,1-d ich ioro-2-phenyl-cyclo­
propane ( p  from dichlorocarbene addition to carbon-carbon double bond 
of styrene is increased whene ultrasonic irra d ia tio n  method is used.
Method Time (h r .)  % y ie ld
Orinary stirring^^ 16 31
Makosza Method^^ 4 80
Ultrasonic^^ 1 96
Table 1 The % y ie ld  of 1 ,1-di chioro-2-phenyl-cyclopropane (1) 
from dichlorocarbene addition to styrene from three 
d iffe re n t methods.
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Simple Carbene Chemistry 
Carbenes may be defined as neutral, d ivalent carbon intermediates. 
The carbene carbon is linked to two adjacent groups by covalent bonds 
and posseses two nonbonding electrons which may have p ara lle l spins 
[ t r ip le t  state (2)3 or a n tip a ra lle l spins [s in g le t state For
many carbenes, the t r ip le t  state is more stable than the singlet s ta te .
t r i p le t  2 singlet 2
The two electrons in the t r ip le t  carbene (£) must occupy d iffe re n t  
o rb ita ls . T rip le t carbenes may be considered as a d irad ical and 
expected to exh ib it a re a c tiv ity  s im ilar to that of other species having 
unpaired electrons such as free radicals . The two nonbonding electrons 
in a singlet carbene ( 2 ) are paired and located in the o rb ita l perpen­
d icular to the vacant p -o rb ita l. Singlet carbenes are generally 
electron defic ient species. The e lec tro p h ilic  character of singlet 
carbenes may be modified by the a b ili ty  of adjacent groups to withdraw 
from, or donate electron to , the carbene c a r b o n . A  structure with 
unshaired paired electrons adjacent to the carbene center (3) should be 
much less e le c tro p h illic . Carbenes of th is  type do show reduced 
e le c tro p h ilic  character and can even be nucleophilic, as in the case 
with dimethoxy carbene (4).^^
10
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
>
3. 4
Attempts to in fe r the spin state of methylene from chemical 
re a c tiv ity  have a long h istory. Reactions which have been most studied 
are addition to carbon-carbon double bonds (Equation 8 ) and insertion  
reaction (Equation 9 ,1 0 ).
:CH2 + %C=C^  > \  — (8 ) ̂ \  \ /
CH2
:CH2 + R-H ----------- > RCH3 (9)
:CH2 + R-O-H  » R-O-CH3 (10)
In the addition reaction of carbenes to carbon-carbon double bonds, 
a singlet can add to a double bond in a single concerted step since such 
a step could occur with spin conservation (Equation 11).^®
j p  X . Y
'  Y ^  -
11
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I t  is  reasonable to expect that addition of a t r ip le t  carbene to a 
double bond might involve two bond-making processes, with spin inversion 
being a discrete step. Since spin inversion was expected to be 
"slow",^^^ i t  was presumed that "fast" ro tation  of the intermediate 
would destroy the s te ric  relationships o rig in a lly  present in the o le fin  
(Equation 12). This is the Skell hypothesis.
X  ' vl® -  y  ic i
\ I (12)
H i t - c i S n
V  fA  ^ x y  I C X Y  c
x ’ \  X ^
Insertion of methylene into C-H bonds can occur by two d iffe re n t  
?nmechanisms. In one mechanism the insertion is a d irec t one-step 
reaction with a trans ition  state that may be represented as ^ in 
Equation 13.
+ :CH2 —  - “ C - — H —  ^ C - C H g
< ^  CHz
In the other mechanism, a carbene abstracts hydrogen from the C-H 
bond to form two intermediate radicals and then combine (Equation 14).
R-H + :CH2 ----------- >'R + CH3 ----------» R-CH3 (14)
12
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Evidence fo r the free radical mechanism was obtained by Frey and 
Klstlakowsky,^^»^^ who found that ethane Is the by-product in several 
gas phase méthylations. Its  formation was inhibited by oxygen, a 
reagent known to be e ffe c tive  at capturing intermediate free rad icals .
Occurrence of the d irec t mechanism fo r insertion was established by 
Doering and Prinzbach,^^ who studied the reaction of methylene with 
isobutylene labelled at the C-1 with
The singlet carbene generated in alcoholic solution predominantly 
inserts into the 0-H bond rather than a C-H bond of the a l c o h o l . T h e  
detection of ether when an alcohol is used as solvent is strong evidence 
fo r the intervention of a singlet carbene intermediate (Equation 15).
R - O
+ CH3O -H  ----------------► R2C H -O -C H 3 (15)
The recent pulsed-laser spectrophotometric investigation of the 
chemistry of fluorenylidene (8) in solution phase provided d irec t 
evidence that the 0-H insertion is the characteris tic  reaction of the 
singlet carbene.^®
13
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Aryl Carbenes
Simple aryl carbenes, such as phenyl carbene ( 6) ,  diphenyl carbene 
(7) and fluorenylidene (8 ) ,  are known to be ground-state t r ip le ts .
o r  o n o
However, the chemistry of aryl carbenes in methanolic solu- 
tion^®”^  ̂ at ambient temperature is predominantly i f  not exclusively  
derived from the singlet state . Bethel 1, Stevens and Tickele have 
demonstrated that a benzophenone sensitized photolysis of diphenyldiazo­
methane (9) in methanol to presumably generate t r ip le t  diphenylcarbene 
(7) d ire c tly  leads only to the singlet 0-H insertion ether product 10.^®
9
SENS “  
hV
t r ip le t  7 singlet 7
K  .OCHo
i f :
C f'.'O MeOH19
Bethel 1 interpreted th is to mean that s in g le t- tr ip le t  equilibrium  
in diphenylcarbene (7) is much fas ter than chemical reaction of e ith er  
spin s ta te . Tomioka came to the same conclusion, in the benzophenone 
sensitized photolysis of phenyldiazomethane (14) in isopropyl alcohol,
14
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that s in g le t- tr ip le t  equ ilib ration  is fas ter than reactions of carbene 
with alcohol.^®® These conclusions re ly  on the assumption that t r ip le t  
is formed f i r s t  under these conditions.
Schuster and Zupancic have examined the photochemistry of 
9-diazofluorene (11) in the presence of methanol.^® Direct and 
photosensitize irrad ia tio n  of 9-diazof luorene (U )  leads to loss of 
nitrogen and u ltim ately to the exclusive formation of the ether product
13.
U
c
S E N S ^
t r ip le t  12I I singlet 12
MeOH
13
I t  was assumed that in th is  case the in i t ia l ly  formed t r ip le t  12 
intersystem crosses to the s lig h tly  higher energy singlet 12, The 
singlet 12 then forms ether product 12, more rapid ly than t r ip le t  12 
reacts with methanol.
Tomioka, Izawa and Zusuki studied the photochemical reaction of 
phenyldi azomethane (M )  in methanol at d iffe re n t temperatures. For the 
photolysis of H  in methanol at 0°C, the products and percent yie lds are 
as shown in Equation 16.^®!*
15
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►ChyOH
M  L5 1^ 17
92.6% 3.4% l . r
,Ct^C
18 
2 . 8%
Methyl benzyl ether ( ^ )  is formed by Insertion of s inglet 6 into  
the 0-H bond of methyl alcohol. 2-Phenyl ethanol (17) is the product 
from the insertion of t r ip le t  6 into C-H bond of methyl alcohol.
s ing le t 6 t r ip le t  6
T rip le t 6 abstracts hydrogen from the C-H bond of methanol and 
gives two radical products 19 and The recombination of these two 
radical products yields alcohol 17, route (a) in Scheme I .
. C H 2CH2OH
Q  ^ *  CHÿDH  ►
tr ip le t  6 / 1? W  17
a " T " " 0
\b  _  JCH.
or MeOH
18 ^
Scheme I .
16
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The second hydrogen abstraction by from the C-H bond of methanol 
or from the 0-H bond of radical 20 yields toluene (1 6 ), route (b ). For 
the recombination of 19 i t s e l f  yields bibenzyl (18 ).
A number of mechanisms are possible fo r the formation of ethers 
from the reaction of 6 with alcohols. Chiefly three mechanisms w ill be 
discussed (Scheme 2 ).
a) protonation of carbene to give a carbonium ion.28&*31
b) e le c tro p h illic  attack of the carbene at oxygen to form
an y lid  intermediate followed by proton transfer, 
c) one-step insertion into the 0-H bond.
29
H \
C:
+ CH.OH
s i n g l e t  ^
+ CH.O
C — O — CH
'OCH
CH2OCH3
Scheme 2
I t  was observed that the re a c tiv ity  of alcohols towards 
diphenylcarbene (7 ) ,  generated by photolysis of diphenyldiazomethane 
(9 ) ,  increased with increasing in ac id ity  of the hydroxy group. Krimse 
suggested that proton transfer from the alcohol to the carbene to form
17
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carbonium ion was the controlling step in ether formation.31& Bethel 1 
and Whittaker also found that the reaction of methyl alcohol in the 
thermolysis of diphenyldiazomethane (9) with methyl alcohol in aceto- 
n it r i le  was fas ter than with CH3OT in a c e to n itr ile , which supported the 
carbonium ion m e c h a n i s m . Tomioka and coworkers studied the e ffe c t of 
aryl substituents on the aryl carbene reactions with alcohol.^® He 
reported that the electron-donating substituents such as p-methyl and 
p-methoxy lead to more ether product while C-H insertion s lig h tly  
increases in the case of electronegative substituents. I t  is suggested 
that increased s ta b ility  of singlet carbenes is  derived from delo­
calization  as in p-methoxyphenylcarbene ( 21) with increasing electron
re lease.32
II
O M e  + O M e
21
In a sim ilar manner, singlet carbenes with electron withdrawing 
substituents are not s tab ilized  by th is  electronic in teraction . The 
sligh t increase in C-H insertion of t r ip le t  carbene was found as 
expected.32 An a lte rn ative  explanation fo r the increase in ether 
products when electron donating substituents are used has been proposed 
by Tomioka.28* The increase in 0-H insertion is expected from the 
carbonium ion mechanism in which electron releasing substituents 
s ta b ilize  the positive charge accumulating on the benzylic carbon.
18
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From the discussion above, i t  has been shown that at ambient 
temperature the photochemical generation of arylcarbene in alcohol 
resu lts , mainly, in singlet carbene insertion into the 0-H bond. The 
photochemical studies of the reaction of the arylcarbene with 
cis-2-butene ( ^ )  Equation 16, led to the same conclusion that at 
ambient temperature the cyclopropane products 24 and 25 were formed 
almost exclusively from the singlet carbene as shown in Equation 17.
:c=N,
14 (17)
0*C
91.3-93.5%
2.3-4.2%1.8-2.5%
The thermal reaction of diphenyldiazomethane (9) with alcohols in 
a c e tro n itrile  was reported by Bethel! and W h i t t a k e r , 29b ^he products and 
percent yields are as shown Equation 18.
19
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Ph. /Ph f t  c
-► — N = c ^  + Ph '^ph + ph^ '̂ Ph
Ph 26 Ph 27 ^
8.2% 3.9% 3.0%
( 18)
H OH
29
PCM
The ether product 10 is the major product of the reaction which is 
suggested to be derived from insertion of singlet diphenylcarbene (7) 
into the 0-H bond of methyl alcohol. The formation of azine ^  is 
proposed to be derived from singlet 2  reacting with 9 or the 
dimerization of the diazoalkane i t s e l f . H y d r o g e n  abstraction from 
solvent by t r ip le t  diphenyl carbene (7) yields alkane ^7. Benzophenone 
(23) is the resu lt of t r ip le t  diphenyl carbene reacting with oxygen 
dissolved in the solvent. The trace amount of water in the reaction  
results in the insertion of diphenylcarbene into the 0-H bond of water 
to give alcohol 29.
20
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Chapter I I  
Results and Discussion
Phenylcarbene ( 6 ) and p-methyl phenyl carbene ( ^ )  are the members in 
a series of arylcarbenes and can serve as models fo r the study of other 
arylcarbenes. The present thesis concerns prim arily  the investigation  
of the chemical effects of h igh-intensity ultrasound in the production 
of carbenes 6 and The results are compared with the thermolytic and 
photolytic methods. Since the primary purpose of th is  study was to see 
i f  the ultrasonic generation of carbenes could produce d iffe re n t types 
of products or product ra tio s , the mechanisms which are proposed have 
not been fu lly  studied. Instead, the mechanisms are based on lite ra tu re  
reports and chemical logic.
C: _  V :
3* *̂” 30
As mentioned e a r l ie r ,  since the chemical effects of h igh-in tensity  
ultrasound arise from acoustic cavitation  in l i q u i d s , the solvent 
used fo r the ultrasonic irra d ia tio n  reaction must be considered care­
fu l ly .  Benzyl alcohol was the solvent used in th is  investigation.
There are two important reasons fo r the selection of benzyl alcohol as a
21
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solvent over other alcohols, such as methanol or ethanol which were used 
in the early investigation of thermolytic and photolytic generation of 
carbene F irs t ,  as the vapor pressure of the solvent system
increases, the in tensity  of the cavitation collapses and the maximum 
temperature reached during such collapse w ill decrease.4*8 Benzyl 
alcohol (bp. 205°C) has a lower vapor pressure than methanol (bp. 65°C) 
and would be a better solvent in the u ltrasonic irrad ia tio n  reaction. 
Second, benzyl alcohol is a better hydrogen atom donor than methyl 
alcohol since the radical 31 is more stable than radical 32. Thus, 
benzyl alcohol might be better able to react with t r ip le t  carbenes.
5 ^ o h  U \ ) H
31 32
The results of the u ltra v io le t irra d ia tio n  of phenyldiazomethane 
(M ) in methyl alcohol a t 0°C are shown in Equation 16 and Scheme l.^Bb 
The amounts of the products resulting from t r ip le t  6 are very small 
compared to the amount of methyl benzyl ether ( ^ )  which is the product 
resulting from singlet 6 . The better hydrogen atom donor such as benzyl 
alcohol is used in the present work because a higher y ie ld  of the pro­
ducts from t r ip le t  6 would re s u lt.
22
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Thermolysis of ( ^ )  In benzyl alcohol at TÔ C gave c is -s tilb en e  
(33 ), trans-stilbene (34 ), benzalazine ( ^ )  and benzyl ether (3 7 ). The 
product amounts (re la tiv e  to an internal standard) are shown in Tables 2 
and 3. For the photolysis and sonication reaction of phenyldiazomethane 
(M ) in benzyl alcohol, toluene (16) and bibenzyl (18) were also found 
in addition to a ll  the products observed in the thermolysis reaction as 
shown in Tables 2 and 3.
23
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Table 2 The product ratios from the reaction of 14 in benzyl alcohol relative to benzalazine ( ^ )
(a) The toluene was Isolated from the reaction mixture by vacuum d is tilla tio n  at (0.2 torrr^O^C) 
The amount of toluene (reported In % yield) was calculated from the NMR Integration by using 
bibenzyl (i§ ) as an Internal standard.
(b) For the M In CDCI3 , which was kept under N2 at room temperature after 30 days, the 
solution was s t i l l  red In color indicate the remaining of 14 In the solution.
(c) The vacuum d is tilla tio n  (0.2 to rr, 40°C) was not performed In this run.
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Table 3 The product ratios from the reaction of phenyldiazomethane (M ) in benzyl alcohol 
re lative to 3-phenyl-1-propanol (internal standard).
(a) The amount of toluene (reported in % yield) was calculated from the NMR
integration by using bibenzyl (IB) as an internal standard [see note (a) Table 2],
(b) 3-Phenyl-l-propanol (internal standard).
(c) The results from the f irs t  run of the thermolysis in Table 2.
(d) The results from the second run of the photolysis in Table 2.
To more easily  explain the mechanisms fo r the formation of products 
in Table 2, phenyldiazomethane (M ) w ill  be used in e ith er of a set of 
resonance structures 'A* or 'B ',  neither which is  an adequate repre­
sentation by i t s e l f . 37*38
H H
\  +  rr \  +
C=N=N: <------------------> —C-N*N'
/  /
Ph Ph
■14 A' '14 S'
Schemes 3 and 4 show the plausible mechanisms of the formation of 
the products In Table 2. For the formation of c is - and trans-stilbene , 
( ^ )  and (34 ), "14 B' is used with the singlet 6 to form the zw itte r-  
ionic intermediate 38. The elim ination of a nitrogen molecule from 38 
could y ie ld  both isomers, c is - and tra n s -s tilb e n e .3® Singlet 6 can 
react with benzyl alcohol in three d iffe re n t mechanisms forming benzyl 
ether (37). The protonation of the singlet 6 , the electrophi1ic attack 
of the singlet 6 at oxygen and the one-step insertion into the 0-H bond 
represent the three mechanisms previously described in Chapter 1.
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Scheme 4 The mechanisms for the formation of products from triplet 6
Deoxybenzoin (% ) is  probably formed from the reaction of benzal- 
dehyde (Scheme 4) with phenyldiazomethane (14 ). F irs t , 14 can react 
with benzaldehyde to form a transient intermediate zw itterion  39, also 
called a 'diazonium b e t a i n e ' T h e  elim ination of a nitrogen mole­
cule from 39 and hydride migration results in ketone 36. Dimerization 
of 14 and elim ination of a nitrogen molecule yields benzalazine 
35.^® Benzalazine can also be formed by the reaction of singlet 6 with 
M  as shown in Scheme 3.
I t  is proper to mention in th is  place that eventhough the reactions 
were run under nitrogen atmostphere, i t  was suspected that there was 
some oxygen in the nitrogen gas. In 1960, Fielding and Prichard found 
that photolysis of diphenyldiazomethane using "high-purity" nitrogen 
gave solely benzophenone.^® Further p u rifica tio n  of the nitrogen over 
heated copper gave the same re s u lt, but i f  the nitrogen was f i r s t  
bubbled through molten sodium at 360°C i t  was s u ffic ie n tly  free of 
oxygen to suppress the benzophenone formation.
The mechanism fo r the formation of benzaldehyde involves the re ­
action of t r ip le t  6 with oxygen, as shown in Scheme 4. This produces 
phenyl carbonyl oxide which is reacts with H  to form a transient
intermediate 42. Loosing a nitrogen molecule and breaking of the 
oxygen-oxygen bond in ^  would y ie ld  two molecules of benzaldehyde. 
Scheme 4 also shows the formation of toluene (1^) and bibenzyl (1^) from 
t r ip le t  6 in the solvent benzyl alcohol.
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When phenyldiazomethane (14) was kept In the dark in CDClg under 
a ir  atmosphere fo r 30 days, the solution changed color from wine red to 
l ig h t yellow. The products found are shown in Equation 19 and product 
ra tios are reported in Table 2.
%2 air, CDCl ? 9 ? Ï "
Ph-C-H  T— ^  Ph-C=C-Ph + Ph-C=C-Ph + Ph-C=N-N=C-Ph +30 days I
u  —  33 3 4 " 33 (19)
9 9Ph-C-CH2-Ph + Ph-C-O-CHg-Ph 
36 «
The formation of products 33-36 was already discussed e a r lie r  in 
th is thesis. Benzyl benzoate(43)could be formed as shown in scheme 5.
0
g o  0 Ph-C-H Q
Ph-C-H ------- -------►  Ph-C-OOH -------------P" 2 Ph-C-OH
(see Scheme 4) peroxy benzoic 45
acid 
44
q q _ + Ph-C-H
Ph-C-O-CH^-Ph <  ri n   Ph-€-0 + Ph-CH2 recombination 2 protonation
43
Scheme 5
The oxidation of benzaldehyde could y ie ld  intermediate peroxy 
benzoic acid (^M) which may react fu rther with benzaldehyde and resu lt 
in benzoic acid ( ^ ) .^ ^  The protonation and recombination of s ing let 6 
and 45 could y ie ld  benzyl benzoate ( ^ ) .
30
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To investigate more closely the mechanisms of the formation of the 
products found from the reaction of 14 as shown in Table 3, p-methyl- 
phenyldiazomethane (A7) was used. When we used ^  in the presence of 
benzyl alcohol, the methyl group In the fin a l products showed us which 
part of the product came from 47 and which part came from the solvent 
(benzyl alcohol).
Thermolysis of p-methyl phenyldiazomethane ( ^ )  In benzyl alcohol at 
70°C gave c is-4 ,4 '-d im ethylstilbene ( ^ ) , tra n s -4 ,4 ' -dim ethylsti 1 bene 
( ^ )  4,4'-dim ethylbenzalazine (5 0 ), 4,4'-dimethyldeoxybenzoin (51 ), 
phenyl 4-methylbenzyl ketone (5 2 ), benzyl 4-methyl benzyl ether (53) and 
p-xylene (54 ). The product ra tio s  re la tiv e  to ^  are shown in Table 4 
and 5. For the photolysis and sonication reactions of ^  in benzyl 
alcohol, 4 ,4 '-dimethylbibenzyl (55) was also found in addition to a ll  
the products observed in the thermolysis reaction as shown in Table 4 
and 5.
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Table 4 The product ratios from the reaction of ^  in benzyl alcohol relative to azine (5Q).
(a) The p-xylene was isolated from the reaction mixture by vacuum d is tilla tio n  (0.2 to rr, 40°C). 
The amount of p-xylene (reported in% yield) was calculated from the NMR integration by using 
bibenzyl (18) as an internal standard,
(b) Compound ^  was kept in the dark at room temperature for 13 days under N2 atmosphere.
(c) Compound ^  was kept in the dark at room temperature for 13 days under a ir atmosphere.
(d) No ArCH2CH2Ar was observed in this run.
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Table 5 The product ratios from the reaction of p-methyl phenyldiazomethane ( ^ )  in benzyl alcohol 
relative to 3-phenyl-1-propanol (internal standard). ^
(a) The amount of p-xylene (reported in % yield) was calculated from the NMR
integration by using bibenzyl (JJ) as an internal standard [see note (a) Table 4].
(b) 3-Phenyl-1-propanol (internal standard).
(c) The f irs t  run of thermolysis in Table 4.
(d) The f irs t  run of photolysis in Table 4.
To explain the mechanisms of the formation of products in Table 4 
and 5* p-methyl phenyldiazomethane ( ^ )  w ill  be used in e ith er of a set 
of resonace structures '47 A' or '47 B '.
H H
\  + -  \  + 
C=N=N: <--------------- > -C-N5N:/ /
Ar Ar
'46 A' '46 S'
Ar = CH]
The mechanism fo r the formation of ^  and 50 are analogous to 
the formation of c is -s tilb en e ( 33) ,  trans-stilbene (34) and benzalazine 
( ^ )  as described e a r lie r  in th is  Chapter (Scheme 3 ). Scheme 6 shows 
the mechanisms fo r the formation of ether 53 and two d iffe re n t ketone 
products ^1 and 52. The reaction of singlet 30 with benzyl alcohol in 
three possible mechanisms gives benzyl 4-methyl benzyl ether (53) as 
shown in Scheme 6 . The benzyl part of ether 53 came from benzyl alcohol 
and the 4-methyl benzyl part came from sing let 30.
34
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From Scheme 6 , 4 ,4 ' -dimethyldeoxybenzoin (51) is formed from the 
reaction of ^  with p-tolualdehyde (see Scheme 7) to form a transient 
intermediate 56. The elim ination of a nitrogen molecule from 56 and a 
hydride migration results in ketone ^  which has methyl groups on the 
para positions of each benzene rin g . Since some benzaldehyde could be 
formed from the radical 31 as shown in Scheme 7, the reaction of 
benzaldehyde with ^  yie lds an intermediate 57. Loosing a nitrogen 
molecule from 57 and a hydride migration results in ketone 52 which has 
only one methyl group on the para position of the benzyl part. The 
methyl in ketone 51 came from the methyl group in p-methyl- phenyldiazo­
methane ( ^ ) . The structure of both ketones 51 and ^  were assigned by 
NMR spectroscopy as shown in Figure 2.
/  7.18-7.95
2,38 (AA'BB'.q) A.24
(s) a  4.20 53 (« ) ( s )
\7.13 \  7.30-8.06(s) (m) 7.IA(s)
(s )
Figure 2 Shows the NMR data (reported in ppm from TMS) of the
4 , 4 '-dimethyldeoxybenzoin (51) and phenyl 4-methyl ketone 
(52). s = singlet, q = quartet, m = multiplet
Scheme 7 shows the mechanisms fo r the formation of p-tolualdehyde 
(% ) ,  4 ,4 '-dimethylbibenzyl (55 ), p-xylene (54) and benzaldehyde. The 
mechanisms are analogous to the mechanisms which are already described 
in Scheme 4. Equation 20 shows the products found a fte r p-methyl- 
phenyldiazomethane ( ^ )  was kept in the dark in CDCl3 under both a ir  or
37
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nitrogen atmosphere fo r 13 days. The product ra tios re la tiv e  to azine 
are shown in Table 4, There was also a compound which might be the 
ester of 61, but no fu rther investigation was performed.
ÎÎ2 CDClg H %
Ar-C-H - — ^ 3  jayg— Ar-C=C-Ar + Ar-C=Ç-Ar + Ar-CH=N-N=CH-Ar +
room temp. H49 50
0 q
Ar-ë-CHg-Ar + Ar-CGCH2-Ar (20)
5*1 61
Ar = CHg
In Table 2 and 4, the data are reported as product ra tios re la tiv e  
to benzalazine ( ^ )  and 4 ,4 '-dimethylbenzalazine (50) respectively. The 
results from two separate experiments of thermolysis and photolysis re­
actions are quite reproducible. From Table 3 and 5, the data are re­
ported as product ra tios re la tiv e  to 3-phenyl-l-propanol which was added 
as an internal standard.
In Table 3, we consider the formation of the products which involve 
intermediate t r ip le t  carbene 6 . Toluene ( ^ ) , bibenzyl ( ^ )  and benzal­
dehyde are formed d ire c tly  from the t r ip le t  £  (see Scheme 4 ). Deoxyben­
zoin ( ^ )  is formed in d ire c tly  from the t r ip le t  £  since 36 is formed 
from the reaction of benzaldehyde with 1  ̂ (see Scheme 3 ). Even though 
benzaldehyde is  found in a ll  of the reactions in Table 3 in s ig n if i ­
cant amount, i t  should not be used in the discussion of the products 
involved with intermediate t r ip le t  carbene j6 since some of the benzal-
38
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dehyde (bp. 178-185®C) was also lost a fte r  the reactions were complete 
when (the solvent) benzyl alcohol (bp. 205°C) was removed by vacuum 
d is t i l la t io n .
As seen in Table 3, the amounts of benzyl ether (3J), a singlet 
product) in the photolysis and sonication reactions are higher than that 
from the thermolysis reaction. According to the previous work, the 
s in g le t- tr ip le t  equilibrium  of carbene 6 is fas ter than the reaction of 
carbene 19 with isopropyl a l c o h o l . S i n g l e t  6 also reacts with 
isopropyl alcohol fas ter than t r ip le t  6 at ambient t e m p e r a t u r e . ^6-29 
This results in the small amount of toluene (16) and bibenzyl (18) found 
in photolysis and sonication reactions. Toluene and bibenzyl are not 
found in the thermolysis reaction which may be due to the t r ip le t  
carbene's interception by oxygen. In the sonication reaction, the 
amount of deoxybenzoin ( ^ )  found is considerably higher than that from 
both thermolysis and photolysis reactions. This is probably due to the 
more e ff ic ie n t s tir r in g  and the ultrasonic mixing of the reaction  
mixture (Figure 3 ). More oxygen might dissolve in the reaction solution  
resulting in a higher amount of benzaldehyde. The higher concentration 
of benzaldehyde in the reaction solution results in a higher quantity of 
deoxybenzoin (see Scheme 3 ). Azine 35 can be formed from both 
dimerization of phenyldiazomethane (14)and reaction of singlet 6 with M  
as shown in Scheme 3. The actual amount of azine which results from 
singlet 6 can not be determined.
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From Table 5, p-xylene (54) and 4 ,4 ' -dimethylbibenzyl (55) are the 
products which form d ire c tly  from t r ip le t  30 as does p-tolualdehyde (see 
Scheme 7 ). 4 ,4 '-Dimethyldeoxybenzoin (51) is formed in d irec tly  from
the t r ip le t  30 since 51 is  formed by the reaction of p-tolualdehyde 
with ^  (see Scheme 6 ) .  Like benzaldehyde (above), the amount of 
p-tolualdehyde can not be used in the discussion of the products 
involved with intermediate t r ip le t  30 because some of the p-tolualdehyde 
(bp. 204-205°C) was also removed when the solvent (benzyl alcohol) was 
removed by vacuum d is t i l la t io n .  As shown in Table 5, the results from 
the reaction of p-methyl phenyldiazomethane ( ^ )  in benzyl alcohol are 
somewhat s im ilar to the results from the reaction of phenyldiazomethane 
(M ) in benzyl alcohol as shown in Table 3. The amounts of benzyl 
4-methyl benzyl ether (53) from the photolysis and sonication reactions 
are higher than that from the thermolysis reaction. Small amounts of 
4 ,4 '-dimethylbibenzyl (55) are found in both the photolysis and soni­
cation reactions. Even though p-xylene (54) is found in a ll of the 
reactions, there is considerably less in the thermolysis than in the 
photolysis and sonication reactions.
The amounts of 4 ,4 '-dimethyldeoxybenzoin (51) and p-methylbenzyl 
phenyl ketone (52) are higher in sonication reaction. The higher amount 
of 51 can be explained from the higher concentration of p-tolualdehyde 
in the solution of sonication reaction due to the vigorous s tirr in g  
during the reaction. The higher amount of ketone 52 may due the higher 
amount of benzaldehyde which can be formed from benzyl alcohol as shown
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in Scheme 7. In the sonication reaction, the amount of the ketone ^  is 
too high to be formed from the benzaldehyde alone. I t  was suspected 
that some benzaldehyde might be formed d ire c tly  from benzyl alcohol 
(without involving with t r ip le t  30) by the ultrasonic irra d ia tio n  but 
th is  point was not checked.
Benzyl alcohol was checked fo r benzaldehyde by s tirr in g  the benzyl 
alcohol under N2 atmosphere at 70°C fo r 5 hours. The benzyl alcohol was 
then vacumm d is t il le d  (0.2  to r r ,  40^0) into a receiving flask which was 
immersed in liqu id  N2 . The f i r s t  two drops of d is t il la te d  were checked 
fo r benzaldehyde by using GLPC. Only a trace amount of benzaldehyde was 
observed in these two drops.
In the sonication reactions, a fte r  the f i r s t  hour of the 
sonication, the reaction solution changed color from wine red to black. 
The black color is due to the titanium  eroding from the t ip  of the 
titanium horn used fo r ultrasound irra d ia tio n . At th is  point, the 
effects of the titanium  powder on the reaction was checked. Benzyl 
alcohol was sonicated fo r 3 to 4 hours. The dark benzyl alcohol then 
was added with phenyldiazomethane (14) to produce the same concentration 
as a normal run fo r the thermolysis, photolysis and sonication 
reactions. The reaction solution was then s tirred  under nitrogen at 
room temperature. A fter 2 days, the solution was checked fo r 14 by 
using d i l .  H2SO4 . Evolution of N2 gas indicated 14 s t i l l  remained in 
the solution.
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To prevent the titanium  dust from contaminating the reaction  
mixture, u ltrasonic irra d ia tio n  through Pyrex glass was attemped as 
shown in the Figure 4. The decomposition of the diazo compound did not 
occur at a s ig n ifican t ra te .
StirrerTitanium
Horn
Teflon
Ring
Cooling
Both
10°C
Sample
30°C
PiRure 3 Instrumental set-up for the ultrasonic 
irradidtion reaction experiment.
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Titanium
Horn
Stirrer
Sample _  
(25°C) 
in Pyrex tube
benzyl alcohol
Cooling Bath 
10°C
Figure 4 Instrumental set-up for the ultrasonic 
irradiation through Pyrex glass.
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In conclusion, i t  is  l ik e ly  that ultrasound can a ffec t the 
decomposition of diazo compounds 14 and ^  in benzyl alcohol to generate 
carbene ^  and The product composition suggests that sonication is 
somewhat s im ilar to u ltra v io le t irra d ia tio n . There appears to be more 
t r ip le t  carbene involved in the photolytic and ultrasonic decomposition 
of 14 and ^  than in th thermolysis reaction. Benzyl alcohol used as 
solvent in a ll  of the reactions should resu lt in the higher y ie ld  of 
t r ip le t  carbene products than when methanol was used. As can be seen in 
Equation 16, the % y ie ld  of methyl benzyl ether (16 ), the product 
involved in singlet carbene, is considerably higher than the products 
resulting from t r ip le t  carbene intermediate. From the Table 3 and 5, i t  
is seen that the products resulting from the singlet carbenes are not 
considerably higher than the products resulting from t r ip le t  carbene.
Before i t  can be said that ultrasound produces the same exited  
state of diazo compounds that u ltra v io le t irrad ia tio n  produces, more 
experiments of th is  type need to be conducted.
44
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Chapter I I I  
Experimental
The following analytical methods are used throughout th is  chapter 
unless otherwise indicated. Gas-liquid p a rtitio n  chromatography (GLPC) 
was performed on a Varian Aerograph Series 1400 instrument with a flame 
ion ization detector. Nuclear magnetic resonance (NMR) spectra were 
produced on Jeol FX90Q and Bruker HX270 spectrometers. Chemical sh ifts  
are reported as ppm units downfield from tetram ethylsilane (IMS). A ll 
melting points are uncorrected. Commercial materials were used as 
received with the following exception. Anhydrous diethyl ether was 
stored over 4®A molecular seives. p-Tolualdehyde, p-toluenesulfon- 
hydrazide, c is -s tilb e n e , trans-stilbene , bibenzyl, benzyl ether, benzyl 
alcohol and »-bromo-p-xylene were purchased from Aldrich Chemical 
Company. Benzaldehyde was purchased from J.T.Baker Chemical Company. 
Hydrazine was purchased from Eastman Organic Chemicals.
Sodium Salt of Benzaldehyde Tosylhydrazone^^^
In a 500 ml Erlenmeyer f la s k , benzaldehyde (21.2 g, 0.2 mole) was 
dissolved in 150 ml anhydrous methanol. p-Toluenesulfonhydrazide 
(42.2 g, 0.22 mole) then was added into the solution while s t ir r in g .  
After s tirr in g  fo r 40 minutes the benzaldehyde tosylhydrazone
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prec ip ita te  was collected by vaccuum f i l t r a t io n .  The prec ip ita te  was 
washed with 20 mL cold anhydrous ether (-20®C) and dried under vacuum 
overnight. The mp of the p rec ip ita te  was 113-115^C. R ecrystallization  
of the p rec ip ita te  with 100 mL anhydrous methanol yielded needle 
crystals of benzaldehyde tosylhydrazone, mp 121-123°C (lit .^ S b  mp 127-  
128°C). The y ie ld  of tosylhydrazone was nearly quantitative .
A 500 mL three-neck round-bottom flask was f it te d  with a condenser 
and a positive pressure, dry nitrogen atmosphere. To th is  was added 260 
mL of anhydrous ether and benzaldehyde tosylhydrazone (16.0 g, 0.058 
mole) and sodium hydride (2.90 g of 50% active dispersion, 0.06 mole). 
The reaction mixture was s tirred  fo r 18 hours. The pink p rec ip ita te  was 
vacuum f i l te r e d ,  washed with 30 mL cold anhydrous ether (-20°C) and 
dried under vaccuum. The sa lt was hygroscopic and kept under vacuum 
u n til used. O rd inarily , the sa lt was used w ithin 2 days.
Sodium Salt of p-Tolualdehyde Tosy1hydrazone^^^
The procedure is the same as preparation of benzaldehyde 
tosylhydrazone with the following exception. p-Tolualdehyde (24.0 g,
0.2 mole) was used instead of benzaldehyde and absolute ethanol was used 
for dissolving p-tolualdehyde. The mp of p-tolualdehyde tosylhydra­
zone a fte r re c ry s ta lliza tio n  was 144-146^C ( l it .^ ^ b  mp 149-151.5°C).
For the reaction of the p-tolualdehyde tosylhydrazone with sodium 
hydride, 16.0 g of tosylhydrazone and 400 mL of anhydrous ether were 
used in the same procedure as above.
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Phenyld iazomethane and p-methylphenyldiazomethane^^^
The sodium s a lt of benzaldehyde tosylhydrazone was placed in a 
round-bottom flask f i t te d  with a d is t il la t io n  head which was attached to 
a receiving fla s k . The system was evacuated to 0 .1 -0 .5  to rr fo r 1 hour. 
The reaction flask then was heated slowly with an o il bath. Decom­
position occured at the o il bath temperature of 80-100°C and the phenyl- 
diazomethane, d is t il le d  as red o i l ,  was collected in the receiving flask  
which was cooled with liqu id  nitrogen. The product then was kept in the 
solid form at -70°C u n til used.
For p-methylphenyldiazomethane, the decomposition temperature of 
appropriate sodium s a lt of tosylhydrazone was 100-110°C and the 
receiving flask was cooled with an ice-acetone bath. The red o il
d is t i l la te  was kept in the solid form at -27° u n til used.
Phenyldiazomethane: NMR (270 MHz) Ô 4.87 (s , IH, H-CNj) 6.86-6.90
(d, 2H, o-hydrogens), 6 ,97-7 .03 ( t ,  IN, p-hydrogen) 7.23-7.29 ( t ,  2H, 
m-hydrogens).
p-Methylphenyldiazomethane: NMR (90 MHz) 5 2.30 (s , 3H, CH3) ,  4.89
(s , IH, H-CN2) ,  6 .75-7.15 (d of d, 4H, aromatic).
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Benzajazjne^®
Hydrazine su lfate  was prepared by dissolving hydrazine (NH2NH2 95% 
in water, 10.5 g, 0.31 mole) in 90 mL d is t il le d  water. The solution was 
cooled to 0°C with an ice-water bath and then mixed with H2SO4 (3M, 60 
m l). The white p rec ip ita te  of hydrazine sulfate was collected, washed 
with cold water and dried under vacuum for 30 minutes.
A 100 mL three-neck round-bottom flask was f it te d  with a condenser 
and a 60 mL addition funnel with pressure equalizing tube. Hydrazine 
su lfa te  (4 g, 0.03 mole), 30 mL of d is t il le d  water and 3.8 mL 
concentrated ammonium hydroxide were placed in the reaction apparatus. 
The reaction mixture was heated to refluxed with a water bath, at 
70-80^0, and s tirred  fo r 10-15 minutes u n til the hydrazine su lfate was 
dissolved. The benzaldehyde 7.3 mL (7 .6  g, 0.72 mole) was added 
dropwise from the additional funnel. A fter the mixture was s tirred  fo r 
a period of 1 hour, the precipitated benzalazine was vacuum f i lte r e d ,  
washed with water and dried with vacuum. The prec ip ita te  then was 
recrysta llized  with 15 mL of 95% ethyl alcohol. The yellow crystals  
melted at 88-89°C ( l i t . 4 6  mp 92-93°C).
Benzalazine: Ô 7.42-7.48 (m, 6H, m-, p-hydrogens), 7.79-7.91 (m,
4H, o-hydrogens) 8.66  (s , 2H, 2H-CN2) .
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4,4'-Dimethylb1benzyl47
A dry 100 ml three-neck round-bottom flask was equipped with an 
e ff ic ie n t  condenser protected by a drying tube, a dropping funnel, and a 
thermometer which extended well into the reaction mixture. Sodium cut 
into  shavings 1-2 mm. in thickness (1.38 gm, 0.06 mole) and 40 ml dry 
ethyl ether were added into the reaction apparatus. oc-Bromo-p-xylene 
was dissolved in 15 mL dry ethyl ether and then added through the 
dropping funnel dropwise over a period of 30 minutes. The reaction 
flask then was immersed into a sonication bath‘d® and was sonified fo r 15 
hours. The mass in the flask then has acquired a bluish color. The 
liqu id  was decanted from the reaction flas k . The bluish prec ip ita te  was 
washed with 2x20 mL ether. The combined ether extracts were washed with 
2x20 mL water and dried over 4°A molecular seives. The ether layer then 
was f i lte re d  and the ether was removed by rotary evaporation. The solid  
residue (5,44 gm) was checked NMR and was shown to be a mixture of 
oc-bromo-p-xylene and 4 ,4 * -d im e th y lb ib e n z y lT h e  pure 4,4*-d im ethyl- 
bibenzyl ( 55) was isolated from the crude product by column 
chromatography. The absorbent used was s ilic a  gel and the mixture of 
petrolium ether/chloroform were used as eluent. The white solid  
4 ,4 '-dimethylbibenzyl melted at 81-82 .5®C ( l i t .^ ^  81-82°C).
4 ,4 '-Oimethylbibenzyl: ô 7.08 (s , 8H, aromatic), 2.85 (s , 4H,
2CH2) ,  2.31 (s , 6H, 2CH3) .
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Thermolysis of Diazo Compound in Benzyl alcohol
Into a 50 mL three-neck round-bottom fla s k , equipped with a 
condenser and a positive pressure, dry nitrogen atmosphere, the diazo 
compound (4 .2  mmole) and 35 mL of benzyl alcohol were added. The 
reaction flask was immersed in an o il bath at 65-70°C and the mixture 
was s tirred  fo r 5 hours u n til the reaction solution changed color from 
wine red to lig h t yellow. The reaction flask was cooled to room 
temperature and then f i t te d  with a d is t i l la t io n  head which was attached 
to a receiver cooled with liqu id  nitrogen. The system was evacuated to 
0.2 to rr  fo r  30 minutes at 40°C. The d is t i l la te  was dissolved in CDC13 
and then analyzed by GLPC and NMR. Benzyl alcohol in the reaction  
mixture then was removed by vacuum d is t il la t io n  (a t 0.2  to rr  and 
65-70°C) into a receiving flask which was immersed in an ice-water bath. 
The residue was analyzed q uantita tive ly  and q u a lita tiv e ly  by GLPC, the 
results were shown in Tables 2 and 4. The residue was then 
chromatographed over neutral alumina with the mixture of petroleum ether 
(bp 30-60°C) and CHCI3 as eluents. The pure isolated products were then 
iden tified  by NMR and GLPC and compared with authentic samples.
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Cis-stilbene (33) ô 6.59 (s . 2H), 7.22 (br s, lOH)
Trans-stilbene ( ^ )  6 7.41 (s . 2H), 7.25-7.55 (m. lOH)
Benzalazine (35) Ô 7.41-7.50 (m, 6H), 7.79-7.90 (m, 4H),
8.66 (s , 2H)
Deoxybenzoin ( ^ )  ô 4.28 (s , 2H), 7.28 (s , 5H).
7.40-8.05 (m, 5H) 
benzyl ether (37) 6 4.56 (s . 4H), 7.34 (br s. lOH)
Table 6 NMR (90 MHz) data of the products from thermolysis
of phenyldiazomethane in benzyl alcohol.
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C is-4,4 '-d im ethylstilbene ( ^ )  ô 2.30 (s , 6H), 6.50 (s , 2H),
6 .95-7.23 (AA’BB' q. 8H) 
Trans-4,4'-diniethylsti1bene ( ^ )  Ô 2.35 (s , 6H), 7.03 (s . 2H),
7.10-7.45 (AA'BB' q. 8H)
4 ,4 '-Dimethylbenzalazine (50) ô 2.39 (s , 6H), 7.20-7.77
(AA'BB* q. 8H) 8.63 (s , 2H) 
Benzyl 4-methylbenzyl ether (53) ô 2.34 (s , 3H), 4.51 (s , 2H),
4.53 (s . 2H), 7.18-7.22  
(br d. 4H). 7.33 (br s, 5H) 
4,4'-Qimethyldeoxybenzoin ( ^ )  ô 2.30 (s , 3H), 2.38 (s , 3H),
4.20 (s , 2H), 7.13 (s , 4H), 
7.18-7,95 (AA'BB' q, 4H)
Phenyl 4-methylbenzyl ketone (52) Ô 2.31 (s , 3H), 4.24 (s , 2H),
7.14 (s , 4H).
7.30-8.06 (m, 5H)
Table 7 NMR (90 MHz) data of the products from the thermolysis 
of p-methylphenyldiazomethane in benzyl alcohol.
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Photolysis of Diazo Compounds in Benzyl Alcohol
Into a 50 mL three-neck round-bottom fla s k , equipped with a 
condenser and a positive pressure, dry nitrogen atmostphere, diazo 
compound (2 .5  mmole) and 21 mL of benzyl alcohol were added. The 
reaction flask temperature was controlled at 20°C. The reaction mixture 
was stirred  vigorously and irrad iated  fo r 3 hours through Pyrex using a 
450-W Hanovia medium-pressure mercury lamp. The reaction mixture 
changed color from wine red to lig h t yellow. The reaction flask was 
then immersed into an o il  bath and f i t te d  with a d is t i l la t io n  head which 
was attached to a receiver flask cooled with liqu id  nitrogen. The
system was evacuated to 0.2 to rr  fo r 30 minutes at 40°C. The d is t i l la te
was dissolved in CDCI3 and then analyzed by GLPC and NMR. Benzyl 
alcohol in the reaction mixture was removed by vacuum d is t il la t io n  (at
0.2 to rr and 65-70°C) into a receiving flask which was immersed in an 
ice-water bath. The residue was analyzed quantitative ly  and 
q u a lita tiv e ly  by GLPC and NMR. The results are shown in Tables 2 and 4.
Sonication of Diazo Compounds in Benzyl Alcohol
All ultrasonic irrad ia tio n s  were made with a collimated 20-KHz beam
from a lead Zirconate titanium  transducer with titanium  amplifying horn 
(Heat-systems Ultrasonics. In c ., Model W 350) d irec tly  immersed in the 
solution.
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Into a 50 mL three-neck round-bottom fla s k , equipped with 
condenser, titanium  sonicator horn and a positive pressure, dry nitrogen  
atmosphere, the diazocompound (4 .2  mmole) and 35 mL of benzyl alcohol 
were added. The reaction flask was immersed in a 10°C water bath which 
was equipped with mechanical and magnetic s t ir r e r ,  as shown in Figure 2. 
The reaction mixture was irrad iated  with ultrasound. The temperature of 
the reaction mixture did not exceed 30°C. A fter the f i r s t  hour, the 
reaction mixture changed the color from wine red to black. The errosion 
of the t ip  of titanium  horn resulted in black titanium powder. The 
reaction mixture was tested a fte r  each hour of irrad ia tio n  by adding one 
drop of d ilu te  H2SO4 to 0.5 mL of the reaction mixture. Any N2 gas 
evolved from the solution indicated that the reaction was not complete. 
The absence of N2 gas indicated that a ll the diazo compound was reacted 
and the reaction was complete. A fter 6 hours of irra d ia tio n , the 
reaction was complete and the condenser and the titanium horn were 
removed from the reaction fla s k . The flask was immersed into an o il 
bath and then f i t te d  with a d is t il la t io n  head which was attached to a 
receiver cooled with liq u id  nitrogen. The system was evacuated to 0.2  
to rr fo r 30 minutes at 40*^C. The d is t i l la te  was dissolved in CDCI3 and 
then analyzed by GLPC, and NMR. Benzyl alcohol in the reaction mixture 
was removed by vacuum d is t i l la t io n  (a t 0.2 to rr  and 65-70°C) into a 
receiving flask which was immersed in an ice-water bath. The black 
residue was dissolved with 5 mL CHCI3 and then f i lte re d  through a 
neutral alumina column (30 cm in length and 1.5 mm in diameter) with 100
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mL CHClg. The CHCI3 was removed from the f i l t r a t e  by rotary  
evaporation. The dark brown residue was then analyzed quan tita tive ly  
and q u a lita tiv e ly  by GLPC. The results are shown in Tables 2 and 4,
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